The absence of X-ray-crystallographic data for aminotransferases other than the isoenzymes of aspartate aminotransferase makes it difficult to reach any firm conclusions as to the structural basis for the different properties of the many enzymes in this group. Nevertheless the basic mechanism for aspartate aminotransferase action was revealed long before the full structure was known, and much of the evidence in support of the mechanism came from studies of the enzyme's absorption spectrum in the 300-500nm region, where the coenzyme absorbance is clearly separated from absorbances contributed by the apoprotein. The broad similarities between the spectral properties of aspartate aminotransferase and the other aminotransferases must reflect those features of structure that the whole family of enzymes hold in common. Perhaps more interestingly, it may be possible to make credible proposals for differences in structure on the basis of observed differences in spectral properties.
The 410-430nm absorbance band
The observation of a band absorbing at 430nm in aspartate aminotransferase led very early to the proposal that the aldehyde group of the coenzyme was not free but bound as an internal imine (Jenkins & Sizer, 1957) . This deduction has since been amply confirmed (Hughes et al., 1962; Morino & Watanabe, 1969) . Examination of the spectra of model imines of pyridoxal derivatives with amino acids led to the generally accepted conclusion that this chromophore is the mesomeric structure which may be considered as the resonance hybrid of the canonical forms I, and I, (Heinert & Martell, 1963; Davis & Metzler, 1972) . 
I,
The value of A, , , , for such structures varies from one imine to another. For example, the imine formed with valine has A, , , . 414nm, whereas in the tightly restricted internal imine (11) which is constrained to be coplanar, A, , , , = 430nm (Fisher & Metzler, 1969) . Fig. 1 shows the spectra of ornithine aminotransferase and 4-aminobutyrate aminotransferase. The presence of the 418nm band confirms that the coenzyme is bound as an imine, but it seems likely that the resonance system is less rigidly coplanar than in aspartate aminotransferase.
The 410-430nm chromophore in model imines of pyridoxal derivatives is lost when the pH is raised and the pK for the change is usually high, e.g. 12.2 for the imine of valine with pyridoxal phosphate . The high pK is attributed to chelation of the proton in a hydrogen bond between the imine nitrogen and the phenolic oxygen. Strongly in support of this view is the observation that in the cyclic compound (11) the pK is decreased to 6.2 (Fisher & Metzler, 1969) . This value exactly matches that observed for the analogous transition observed in aspartate aminotransferase (Jenkins et al., 1958) , although it is clear that in the enzyme the imine nitrogen and phenolic oxygen are cisoid as in compound (I) (Ford et al., 1980) . In ornithine aminotransferase and 4-aminobutyrate aminotransferase no such transition is seen in the pH range 5-9, indicating that the pK is considerably higher than 9 (John & Fowler, 1976) . These observations suggest that in these two enzymes, and in several others which behave similarly, tight binding of the imine proton remains undisturbed by interactions with the enzyme protein.
In aspartate aminotransferase the phenolic OH group of Tyr-225 is hydrogenbonded to the coenzyme 3-0 atom (Ford et al., 1980; Arnone et al., 1982) . If this bond is responsible for making the imine proton more readily dissociable, then such an interaction is presumably absent from ornithine aminotransferase and 4-aminobutyrate aminotransferase. Accumulation of a species absorbing at 490nm after treatment of aspartate aminotransferase with the substrate analogue erythro-fl-hydroxyaspartate (Jenkins, 1961) supported the proposal that the aldimine-to-ketimine conversion took place through the intermediacy of a carbanionquinonoid intermediate. We have observed the accumulation of an intermediate with similar spectral properties when ornithine aminotransferase is treated with ethanolamine 0-sulphate (Fig. 2) . Presuming this to be the analogous carbanionic-quinonoid intermediate, it may be noted that stabilization of this is achieved in both cases by the 'abnormal' presence of an oxygen atom on the fl-carbon atom. The stabilization appears to be steric rather than inductive, because only erythro-and not threo-fl-hydroxyaspartate produces the effect (Jenkins, 1961) .
We have obtained some evidence for the presence of an additional minor absorbance band at wavelengths in the region of 450nm in both 4-aminobutyrate aminotransferase and ornithine aminotransferase. Absorbance spectra of these enzymes are compared in Fig. 1 . The absorbance of the band centred at 418nm in ornithine aminotransferase falls rapidly to zero at higher wavelengths, as predicted by the log normal function that accurately reproduces the skewed Gaussian profiles of absorbance bands corresponding to electronic transitions (Siano & Metzler, 1968) . The absorbance of 4-aminobutyrate aminotransferase, although centred at the same wavelength, shows considerable residual absorbance at higher wavelengths. To eliminate the possibility that this absorbance was due to impurities or to light scattering by the enzyme protein, we prepared apoenzyme by treating the enzyme with 4-aminobutyrate (20mM) in 0.5~-sodium phosphate, pH6.2, and dialysing twice for 1 h against the same solution. The preparation was separated from small molecules by gel filtration in sodium phosphate (0.1 M, pH 7.4). The difference spectrum between holoenzyme and apoenzyme showed that the residual absorbance in the region of 450nm remained.
No such band is obvious in the spectrum of ornithine aminotransferase, but we have used a recently developed computer-based method to examine its spectrum more closely. The method, which is a development of one described previously (Evans & Morgan, 1981) , does not assume that the absorbance band conforms to any particular mathematical function, but resolves the components of two or more spectra obtained with solutions containing different proportions of the components. Fig. 3 shows spectra of ornithine aminotransferase taken at 20°C and at 45°C. At the higher temperature A,,,, is shifted to slightly higher wavelength, and its absorbance is lower. Analysis of these spectra gave the result shown in Fig. 4 . Although not the only explanation of the temperature-dependent spectral changes, this analysis shows that the presence of different proportions of a minor component absorbing maximally at BIOCHEMICAL SOCIETY TRANSACTIONS Wavelength (nm) Fig. 4 . Result of analysing spectra in Fig. 3 by the method of Evans & Morgan (1981) 450nm would explain the data. In terms of contribution to total absorbance, the rise in temperature has produced an increase in the 450nm-absorbing component from 18% to 22%. When the temperature of aspartate aminotransferase in 0.1 M-succinate buffer (pH 6) was similarly raised, there was no comparable alteration in spectrum.
